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PREFACE

The work covered by this report was conducted under the authority of
Task 8F71-04-001-04 (now Task 1D6433O3D550-04). A copy of the task
card is included as Appendix A.

The period covered is 2? April 1961 through 30 March 1962.
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SUMMARY

This report covers structural tests conducted at the U. S. Army En-
gineer Research and Development Laboratories to evaluate rigid foam
plastics shelters.

Based on the test results, it is concluded that:

a. It is feasible to fabricate structural Laembers by using fiberglass-
polyester skins over either polyurethane core or paper honeycomb core.

b. Bonding between the skins and the core material is of utmost
importance in stressed-skin design.

I. '.. :, '
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RIGID FOAM PLASTICS SHELTERS--STRUCTURAL TESTS OF
REINFORCED FIBERGLASS PLASTICS BEAMS, HONEYCOMB

FLOOR PANELS, AND EXPERIMENTAL GREENLAND BUILDING

I. INTRODUCTION

1. Suihect. This report covers structural tests conducted at the
- U. S. Army Engineer Research and Development Laboratories (USAERDL)

to evaluate rigid foam plastics shelters.

2. Background. Military prefabricated buildings are normally
produced in a fabricating plant and shipped to worldwide locations for erec-
tion and use. The logistic problems of transporting heavy tonnage and
large volume of bulky building panels lent emphasis to investigation of rigid
foam plastics as a building material. The foam plastics materials offer a
solution to the problems by providing a worldwide-use building that is con-
siderably lighter in weight and is fabricated of material expanded approxi-
mately 30 times its original volume on the site, thus reducing shipping
volume Manyfold. The state--of -the-art in foaming plastics has shown the

" :concept of shipping drums of liquid resin and fabricating plastics buildings
in remote areas to be feasible.

Paper honeycomb is being investigated in conjunction with the
rigid foam niastis buIdings project as a means of adding reinforcement,
where needed, to the foam plasticF material. When used as stressed-skin
panel core material, paper honeycomb offers approximately the same
logistic advantage as foam plastics. The paper honeycomb is procurable
in prefabricated folded slicas which expand 20 to 30 times the shipping

: .volume. A high-strength, durable building panel is produced when fi-er-
glass skins are bonded to the sutrfaces of the expanded paper. The economy
and strength-weight ratio attributes are as high as or higher than those of
any other known panel core material; therafore, paper honeycomb is veryj "desirable for field fabrication.

j-..-Reinforced II. INVESTIGATION

.3 Reinforced Fiberglass Plastics Beams. Three reinforced
fiberglass plastics beams were fabricated with polyurethane foam plastics
core material and tested as stringer supports for foam plastics floor

- p-s 7, .'.'.)

" .; I.'" "
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nections. The beams were designed for supporting a uniform floor load of
50 pounds per square foot when spaced on 3-foot centers with a span of ap-

' proximately 12 feet. Beams 1 and 2 wer cast in a 16-foot-iong mold; the
core for Beam 3 was cast by slip mold technique and was 7 feet 2-3/4
inches long. A short mold which moved vertically on a fixed rail was used

- for the slip mold technique of fabrication. The mold was approximately 2
feel; long and was open at the top and bottom, Resin components poured in
the top of the mold expanded, set, and eytruded as a beam from the bottom
of the mold. Four rolls of paper, fixed at the top of th mold with the free
end of the paper passing through the mold and secured at the rail base plat-
form, supplied the mold lining necessary to prevent adherence of the foam
to the moving mold. Beam 1 was fabricated by casting the polyurethane
core, removing the core from the mold, then spraying the fiberglass skin.
Beam 2 (Fig. 1) was fabricated by spraying the fiberglass skin on the Inner
sur aces of the mold, then assembling the mold and pouring the polyure-
thane core to complete the beam. A fiberglass skin was also sprayed over
the core of Beam 3.

2'1

Q Ii

H 5177
Fig. 1. Reinforced fiberglass plastics Beam 2.

The effective section modulus of each beam was computed and
S- ' .- is shown in Appendix B, Exhibit 1.

i

- ..-- " ' : " - . ' : , -- v -, :- . .. . . . -- . .:
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Exhibits 2, 3, and 4 of Appendix B show the test setup and loca-
tion of strain gages for each beam. Beam 2 supported twice as much load
as Beam 1 and did not fail until a total load equivalent to a uniform floor
load of 118. 37 pounds per square foot was applied (Fig. 2). This was to be
expected, however, since the section modulus of Beam 2 was much greater
than that of Beam 1 (Appendix B, Exhibit 1). Exhibits 5, 6, and 7 of Ap-
pendix B show the applied loads, resulting moment, and corresponding
measured stresses for each beam.

"2' -. .

H5219
Fig. 2. Test setup for applying uniform load to reinforced plastics
beams (Beam 2).

Results of the tests for the three beams are summarized in
Table I.

After failure of the beams (Figs. 3 and 4), four composite spec-
linens were cut from each beam (Figs. 5 and 6) and subjected to additional

-.1 :laboratory testing to determine the physical properties of each specimen.
Results of these tests are presented In Appendix C.

, . . ".....-. ,. -.
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Table I. Strain Gage Tests of Reinforced Fiberglass Plastics Beams

Beam No.
Property 1 2 3

2 3

Test Span (ft, in.) 14, 9-3/4 14, 9-3/4 6, 0

Failure Load (kips) 2.50 5.25 4.00
Floor Load (psf)(a) 56.26 118.37 (b)

Failure Moment (ft-kips) 5.40 10, 50 3.09

Maximum Measured Stre3s (ksi)(d) 4.20 -5.00(C) 3.18

Maximum Average Stress (ksi) 3.67 .4.73(c) 2.94

Corresponding Applied Moment 4.47 10.00 2.71
(ft-4dps)

-s IDeflection (in.) 2.38 3.62 1.00

Type of Failure Moment Moment Bearing

Weight of Beam (lb) 72.5 77.8 30.0

(a) Three-foot center-to -center spacing.
(b) Reduced span.
(c) Compressive stress.
(d) ksl - kips per square inch.

. 4. Honeycomb Floor Panels. Several different floor concepts
were considered, and honeycomb floor panels were selected because they
offer one of the more feasible means of providing a floor of suffloient
strength for the 16-foot-wide building.

The floor growth (arching effect) in the Greenland snow tunnels,
amounting to approximately 2 Inches per year, presented a problem in the
design of the floor. Experience has revealed that the best method of deal-
ing with the annual rise in the tunnel floor is to provide lateral floor panels
with a simple beam span. Supporting stringers run longitudinlly with the

. . "-g

". . .I
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H15181
Fig. 3. Test failure of reinforced fiberglass plastics Beam 1.

I Jr.

H5182
Fig. 4. Close-up of test failure (Beam 1).



All, H5183

IFig. 5. End view of ter1, failurn (Beamz 1).

H6221
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building, near the outside walls. With this type of footing, the floor can be

.'; :supported a sufficient distance off the tunnel floor to allow for severd yekr-i
of tunnel floor growth before it becomes necessary to raise the building.
Also, the building can be more easily raised and shimmed in increments,
when necessary.

0

ttefdThe paper honeycomb core material was procured and shipped
to the field in the unexpanded form. The honeycomb core was an untreated

. -. .paper (99 pounds per ream) with 3/4-inch cells. The field expansion ratio
over the shippiZ volurne was over 20 to 1, which provided a logistic advan-
tage similar to that of polyurethane foam. Fabrication of a honeycomb panel
consisted of saturating woven fiberglass cloth with epoxy resin, expanding
the honeycomb core material, and placing the saturated fiberglass sheets
.u the core material. The final operation consisted of placing "sandwich"

ptnet. in a vacuum bag and allowing the panel to cure under vacuum (5 to 10
'aches of mercury) to insure a good bond between the paper honeycomb
core and the fiberglass skins. The field fabrication setup for a 3- by J-6-
foot honeycomb panel was made by two men in approximately 1 hour.

Tests were conductad on 4-, 5-, and 6-inch-thick panol to de-
termins the mr-ct suitable panel and span to support a design live load of 50
pounds per square foot without exceedin& a deflection rtLio of 1/240 of the
unsupported span. To shorten the span, it was determined that the building
could cantilever approximately 1 foot over eaoh outatde stringer without any

: . detrimental effects, since the bulldings would not be subjected to any snow
or wind load forces In the Groeula.ud snow tunnels. Thus, the clear floor
span was reduced to 12 feet by using two 1-foot-wide stringer supports.
The effective section modulus of each size panel was computed as shown in
Appendix B, Exhibit 8.

One 4-inch-thick, one 5-inch-th!ck, and three 6-inch-thick
honeycomb panels were strain gaged and tested to failure. Expanded poly-

. -styrene beads were added to one of the 6-inch-thick panels in an effort to
arrive at an expedient field method of adding insunlatlon and improving the

t thermal conductivity quality of the panels. Exhibits 9 through 13 of Appen-

dix B show the test setup and location of strain gaget, for each pRnel, Ex-
S, hibits 14 through 18 show the applied loads, resulting moments, and oorre-

isponding measured stresses. Panel 4 was touted on a 16-foot simple beam
span and supported a greater load than any of the panels tested. Failure

did not occur until a total load equivalent to a uniform floor load of 122
pounds per square foot was applied (Figs. 7 and 8). Results of the strain
gage tests for the five panels are summarized in Table I.

• : ., .

/__ _ _ ____ _ l
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J4005 4r. Fig. 7. Test of honeyvomb floor Panel 4.
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J4009
Fig. 8. Close-up of shear failure (Panel 4).
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Table HI. Strain Gage Tests of Honeycomb Floor Panels

Panel No.
Property 1 2 3 Al 5

(4-in) (5 -in.) (-in.) (6 -in.) (6-in.).

Failure Load, DL + LL 2.93 2.93 2.93 5.87 1.87
(kips)

Equivalent Floor 69.50 81.30 97.70 122.30 39.00
Load (psl)

Failure Moment (ft-klps) 5. 28 4. 52 3. 76 12.40 3. 96

Live load Stresses:
Max Measured Strobe 4. 10 -2. 85 -1. 95 8.09 -1. 32
(kel)

Max Average Stress 3. 89 -2. 77 -1. 90 7. 01 -1. 24
Qcsi)

Corresponding Live 4.38 3.00 2.50 10.50 2.00
Load Moment (ft-klps)

Type of Failure Moment Moment Momnent Shear Moment

Weight of Panel (lb) 88 85 80 126 161

NOTE: DL -dead load.
LL - lBye load.
ksl - kips per square inch.

Spoliments were cut from honeycomb Panel 3 and analyzed by
the USAERDL Materials Branch to determine physical properties of the
woven fiberglass skin material, Results of these tests are p-esented In

* Appendix D.

5 5, Experimental Greenland Building. Structural tests were per-
formed on the building to determine the wind and snow load capacity, the
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location of critical stresses, and the maximum deflection under loaded con-
ditions. To simulate the most sevEre condition of loading, the building was
tested without benefit of end walls. Figures 9 and 10 show the test setup
for application of simulated wind and snow loads, respectively. The design
wind pressures and resulting wind loads for a 9-foot test module were corn-
puted and are shown in tabular form n Exhibits 19 and 20 of Appendix B.
Wind load forces were computed in accordance with Metal Building Manu-
facturers Association Sandards which are equally applicable to all types of
construction.

-imulated wind loads were applied by means of ratchet chain
' hoists, and simulated snow loads were applied by means of sandbags placed

on the roof. Electrical strain gaqes were placed as shown in Exhibits 2A

and 22 of Appendix B to determine the stresses under each increment of
loading. A iaximum simulated wiid load equivalent to a 100-mile-per-
hour wind was being applied when failure occurred. The test module did

not collapse; however, the skin ruptured to the extent that additional load
could not be sustained, Exhibit 23 of Appendix B shows the tabulated
stresses and defleotions produced by the aimulated wind load test. A new
12-foot shelter test module was erected for the snow load tests, and roof
loads were applied in increm.nts until a maximum short-term roof load of I -

50 pounds per square foot was applied without failure occurring. Exhibit
24 of Appendix B shows each increment of loading and a tabulation of the
resulting stresses. After the strain data were obtained, the test module 'I

, ."....,' .....". was a&lowed to remain under 20 -pound -per -square -foot simulated snow

the
:: ?-;..load for 72 hours and under 20- and 40 -pound -per -square -foot loads for 24
"i ,,!::,' i i"thours to determine the amount of creep or set occurring under sustained
. :.;', .' load conditions. Appreciable set wav not measured untl the 40-pound-per-

, ... .:,:square -foot load was removed, and failure did not occur until the shelter

retained a 50-pound-per-square-foot load for 4 hours (Fig. 11). Exhibit
25 of Appendix B shows the deflection and set resulting from the sustained
conditions of loading.

j: "",-IIFI, DISCUSSIONA

S::: .,.:6, Reinforced Fiber,1,ss Plastics Beams. When the plastics

. A beams were designed, the foam core was considered as being noneffective
in contributing to the load-carrying capacity. However, a comparative an-

* . .. alysis of measured stresses versus theorotical stresses revealed that the
,..theoretical stresses were conderably higher, This discrepancy could be:" :'

-. -*1] a
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Fig.9. ostsotp fr aplictio ofsimlatd wid frces o shlte
tetmoue

~,. 1Fig. 9. Test setup for application of simulated swi oad on shelter
teat module.
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stenthreuiedtosupot he50-pun -er-suae fotdesign floor load,-

ihe deflection of the panel is so great that it cannot be considered as a SAM-
ple beam floor member unless each end of the panel is cantilevered approx-
Imutely 2 feet over the flooi,'-supportinig stringers. This arrangement per-
mite negative moment for 2. 35 feet on each end of the panel and reduces the
critical poaltive moment deflection producing length from 16 feet to 31. 30
feet, At 50-pound-per -square -foot floor load, the total deflection in O-Inoh-
thick Panel 4 was interpolated to be 2. 59 inohes when the panel was
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supported on a 16-foot span. The maximum allowable deflection for floors
in prefabricated military buildings has been established at 1/240 of the

"* " span (0. 80 inch) for a 16-foot-wide building. A rerun of the test of the 6-
*~ nch-thick, 16-foot-long panel with a clear span of 12 feet and a uniform

load of 50 pounds per square foot produced a maximum deflection of 0. 83
inch, which is considered acceptable.

I' Test of 6-inch-thick Panel 5 revealed that a loss in structural
capacity occurred when the honeycomb core of the panel was partially filled
with polystyrene beads. Intermingling of the beads between the epoxy resin
skin and the paper honeycomb core prevented a good bond of the fiberglass
skins to the core material. The top and bottom skins were bonded in one
operation, and it is believed that the problem could be allevlated by bonding
the skins in two operations. Thus, the bottom skin would be bonded to the
honeycomb core and allowed to cure, the beads would be added, then the
top skin would be bonded to the core. Calculations show that a 6 -Inch-thick

* honeycomb panel with 2 inches of polystyrene beads and a 2-inch-thick poly-
urethane panel with fiberglass skins have approximately the same U factor.
One of the most serious def4ciencies in the use of polystyrene beads on the

., .site is the short shelf life of the beads in the unexpanded state. This shelf
11Th under optimum conditions has been determined to be approximately1
year. Other types of insulation material that have a longer shelf life and

" can be expanded on the site are being investigated in ar, effort to improve
the thermal conductivity of honeycomb material.

The paper honeycomb material used for these tests and for the
-" Camp Century, Greenland, building was of the ,ntreated type which was

suitable for the Greenland snow tunnels where no moisture problems exist,
1, - For an all environmental building, however, it will be necessary to provide

. :a core material that is resistant to moisture, fungi, bacteria, rodents, and
so fcrth; and it is desirable that this be accomplished without the field
heat-curing process required for phenolic-impregnated paper honeycomb.
Therefore, investigations are being carried out with pretreated paper honey-I comb and other honeycomb materials that can be expanded on the site and
require no field heat-cure processing,

8. Excperlmental Greenland Building. The structural test results
show that the most critical stresses on the shelter occur at the ridge under
both wind (Gages 15 and 16) and snow load (Gages 13 and 14) conditionn;
however, the highest stresses (3. 9 and 3, 8 kips per square inch) were re-

" " ':corded under the 50-pound-per-square-foot simulated snow load test, The

, 4
I,.. " '

'. './..;I
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H11775
Fig. 12. Polyurethane plastics building in the ice tunnel at Camp

* . Tuto, Greenland.

, 
1

IRS whx

Fig. 13. Polyurethane plastics building in a snow tunnel at Camp8
Century, Greenland.
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1.

ii. II

H 10889
Fig. 14. Interior of polyurethane plastics building at Camp Century, A
Greenland.

tests show that the thickness of the panel ribs should be increased approxi-

"". :mately 1 inch in the ridge area. This would effect a more satisfactory e.'s-
tributin of stress and produce a shelter which could in all probability be
rated for 40-pound-per-square-foot snow loads or 80-mile-per-hour winds
with gusts up to 120 miles per hour (with proper tiedown arrangements)
when erected with endl walls such as the two buildings used for troop occu-

..pation tests In Greenland (Figs. 12 through 14).

.. .IV. CONCLUSIONS

II 9. Conclusions. Based on the test results, it is concluded that:

.' a. It is feasible to fabricate structural members by using
" "fiberglass-polyester skins over either polyurethane core or paper noney-

comb core.

b. Bonding between the skins and the core material is of ..

utmost importance in stressed-skin design. A

i .1

" '- ' ' ' 'IN ", , . .. . . . . ..'. . ..,.". ... . .. ,.. . .. ... . .. .. .. ,.,... .. .. ... ... . .. .. .. " . .

• , , ., .: ,%



16

APPENDICES

Appendix Item ae

A AUTHORITY 17

B DATA SHEETS 21

C MATERIATbS BRANCH REPORT 9280-1,
A "EVALUATION OF GLASS REINFORCED PLASTIC

SKIN ON EXPERIMENTAL PLASTIC BEAMS" 51

D MATERIALS BRANCH REPORT 9506-1,
I"TEST PLASTIC PANEL ON HONEYCOMB" 5



17

APPENDIX A

A AUTHORITY

bI&E UOJ CT C I . TYPE OF :EPO T CO r6 INA. itso r ooftTI4O& ah l

IT a I uAP A M M R LACE (Ho. 6 DM6) C S C 1 I(R I.~ SNi1
W .PROJES? TT165 (Task) S aSCUMITT OF 4. PMIJJgcy T0 NO

Rigid Foam Plastic shelters .RJ-GTU 8F71-014-001
inmr G. REPORT DATE
F 7i-0-00l-0 s January 1961_

1. VAINI FIELD On OUUjCT .lsI96 an 11.4.6 2 *IUP -d I M~~

Structures uidings s, Utilities so

I$- ~ ~ ~ [I CONZNOA64 NTNA4TOf AHWl OVIIIYERNT b- .C01TRACT NWOUR
-. 4 1.IIR SoNG I&ORTOUW

Corps of Engineers
6- DIRECTINE, A41INOY USA Engr. Res. & Dev. Labs. None
Mil Eng Div, R&D, OCE Fort Belvoir, Va.
0. MII*UEIINOII AGENCY

Office, ChIef of Engineers ______________

13. PART14IPATION 9Y OTHER MILITANT 14. 8UPPOR-TING 0P1O311:1 19. EST. C06PLRTION DATMS
Ou V. i-

LNone None ENOR TEST. 16

~7i0D~AYONACIOS W6 LFt-~ 19. DAT APROEDI. MGT. SUPPORT LEVEL
TART 09P15.L OTHER GOVT. AsGEN'CIEs

None ____ ____ ___ I- UNDERT COO.K

l~a 5600 064,w.'S,4

S. II. SPCIAl. CODES1 0's" " .9"

Cb;OG Ref. Par. 834, 1lrov, 06.46 S.04G.Ne

a. Requirements exist for prefsbr~Icated lightweight foamed plastic rigid
shelters for medical, maintenance, and special climatic operations; for missile
support shelters for storage, standby, and radar activities; and for sled mounted -
wanigans. The concept embraces fabrication of such Items In the field from both
foamed plastic bections or panels; and by spraying removable air Inflated and/or

* removable frume type forms with the plastic foam material after which the forms
can be removed and reused.

b. The above concept Is In consonance with paragraph 16l0v, CO, whIch requires I
a reduction In the drain on the national economy, and makes mandatory the use of
prefabricated and knockdown shelters such as those eAVlisonad. Missile support
Items are covered by CO, paragraph 834, and wanigans by paragraph 1636d(8).

23. Brief of Project and Objective
a. Brief:

(1) Objective: Development of lightweight rigid foam plastic resns anidI
portable filid spraying equipment, Including tochniques of foaming In pla.-v torIA on the side) shelters and buildings, utilizing panel, module and mold construacto

7U (2) Technical Characteristics: See Exhibit A.

DDF., w613 ORRVIOUS EWYSTON9 AME OSSOLEYE. PAGE 1or 2 Als
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b, Approch.,
(1) Engineer Ppsearch apb ddilopment work wl be performed by the tichni-

cal stiff of tha Corps of En~gIrAers wi-th assistance from research and engineering
staffs-of commercial .suppU~rs..pp poedsd.

(2) tngin~sering rasetrcji and studies will be undertaken In the foloing
areas (b determine the most suitable Pleans of satisfying the overall military
requlrementsa

* ' a) evelpm~t~o ecoomiallightweilght, rigid foam piastic resins,4Including reinforced rigid foam plastics which can be foamed end storedsin all
(b) Portable field spraying equipment.

(c)' Techniqueas of foaming shelters and buildings In all environsmental

conditions.

(d) methods of internally reinforcing rigid plastic foam for use In
shelters and bulldings where high snow and wind loads ae encountered.

(a) flevelopment of structural design criteria for rigid foam plastics
Including reinforced rigid foam plmstIca.

(3) Coi~raliansive aug iroserIng tests of pilot uiwdel 9helter wrt."ng armi,
spraying equipment, Including techniques, will be conducted to determuine tile
general suitability and to determine necessary modifications prior to submittal
for user tests. Drawing and purchase descriptions shall be modified to refltt

* the equipment pasuing the tests.

(Aservice test equipmetnt shallI then be procured and furni shed to the
weapons systems or application for which the equipment was developed.

... ~..(5) After all tests and necessary revisions of the a* Ipment have been
to the Chief of Engineers, together with recommendations regarding classification

* ~ action on the equipment developed,

c. Tasks: Not applicable
d. Other Information:

* ~ (1) Scientific Research: None

(2) References: None

(3) Discullien:
4 Agencies Interested In this project In additich to the Corps of

r Engineers, with which liaison 1il be mainteined and whichu will be furnished cop-
Ins of ralknrt. mn th. grglact mLA EQK.~inA~rt W&AdIr-m rnrp. ,taamI

D .DD.,6P1EM c NUPLAC414 Do V0KM GIN-I, WMIE.$ If O940LUYU. PAGO 2 r 0~2 PA
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* .- EXHIBIT "A"

I TECHNICAL CHARACTERISTICS FOR
RIGID FOAM PLASTIC SHELTERS

1. The rigid type shelters formed in the field by ume of low density
core materials shall consist of all weather units in all ranges of covered
space provisions, including maintenance of vehicles, missile, and other
mechanical/eleotrical equipment, command posts, air stations, fire direc-.
tion centers, personnel housing, collective protection and other general
purpose requirements.

2. Means shall be developed for fabrication of shelters under all
environmental conditions as specified in AR 705-15.

3. Shelters shall be capable of being constructed for all climate
operations to withstand steady winds of 60 miles per hour and to support
snow loads of 20 pounds per square foot. Features shall be incorporated
(in kit form if applicable) to permit the shelters to he t~ed In areas where

, .now loads reach 40 pounds per square foot and wind loads correspond to I-
velocities of 80 miles per hour with gusts of 120 miles per hour.

- 4. The shelters shall be made of the smallest possible number of
components and component types, and be capable of easy handling and rapid
erection by personnel within cuLapanles and battalions.

5. The shelters shall be compatible with chemical, biological, and
radiological protection.

6. The shelters shall be durable, weatherproof and fire retardant.
They shall not be subject to appreciable weather deterioration, or attack by

,'¥ j insects, fungi, bacteria, or rodents.
. ,' ; ,..

7. Wearing surfaces, both exterAor and interior, shall withstand

normal barracks type use.

I..sheltes8. The completed system shall permit erection of variable length
, - , .shelter s.

, , *.

* '1' ---

,,J ' ,:!i,; .:! " -," . • ,: ., ' ,' = o -i- :; ;:
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9. Provisions shall be made in the design of the shelters for the
installation of stsndard or fabricated on the site doors and windows located
on both sides and/or ends.

-10. The shelter equipment shall, be lightweight and portable for field
service, sNuffloiently rugged to withstand prolonged cross-country movement
and transportation in Phase II of airborne operations. It shall be designed
with maximum, sizmpUcity commensfurate with intended performance and be

-' capable of manufacture in quantity by modern fabrication methods.

4.1
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J APPENDIX B

DATA SHEETS Exhibil 1
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Exhibit 25i

SWOW LO.AD TroT
4 ~LOUI6 MR41GG 1..ON)UG

LOAD t)WMCToA8 IU%.DA~ra if SC

20 S/I12L 4 1.ZB0 1. 187S

80i~k13 1.3125

51 rL4 0.5 7.5 2I 4 :/1i4, 212
0 6/4/42 0.625 Q_4575

ii,, _______so_

30 v/46 I 0 ___ FAILU2r
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APPENDjt 1C

U. 8 Ary Eginer eserchand Development Laboratories

1 It.AmyEgnertsah Bac

Corp ofEnginoers
*... ' Fort Belvoir, Virginia

....... ElitiSm 17 July 1981

.'I"I: :EV'; LUATION OF GLASS REINFORCED PLASTIC SKIN ON
I''E ERIMENTAL PLASnC BEAMS

Report No: 0289-1

' Requested by: Special Fqup:,men(; Branch
. - Autiority. 8F71-04-0O1-O4

' 1. The purpose of this investi'ation was to determine the phystal
properties of the glas fiber reinforced plastio skins on some experimental
plast beams. The density of the foam core was to be determined where
this showid a variation in structure. The beams were designated by the
code Is - id and 2a - 2d.

I 2. The beams were made in the Modal Shop by spraying the inside
Sof a mold with a polyester rosin and glass fiber mixture and then pouring

P. -' Into the interior a polyurethane foam mixture. The excess foam was cut off
amd the open side then sprayed with the resin glass fiber mixture,

3. The properties of the skin laminate were determined in accord-
r.q..'e with the following methods of Federal Specification L-P-406b, "Plas-
tou, Organio: General Specifications, Test Mothods":J .I _,+ _.._._._ ,._o_. +, _ ,:.t

___ No, Title oMthud

1011 Tensile properties of plastics,
1021 Compressivo propeties of plaston,
1031 Floxural proportios of plastics,
1041 Shear properties of plst is.
5011 Specific grnvity by dirplacement of water,7 0 61 Resin in 1norganio-.led plastics.

¢.,

', , ......... . , .. . "A +",- '" -,..-"-..nA

-I. J . " + : " + ", ++!. ' , " . . . ' ' ' : , ' ,'+. + . ..: ;



The speifto gravity of the foam was letermined in aocordance with Method

No, 5012, specific gravity from weight and volume methods,

4. The results of the tests are shown in Table M-i. They in:Inte ,
that the glans content was extremely low- hence, low phyi4oal propertie3
could be exeteie . This was found to be the oase, G01sn content ranged
from 21.90 - 27. 86 percent, tensile strength from 7,010 -. 9,090 psi, corn-
presuive strongth from 10,000 - 15,900 psi, flexural strength from 12, 300 -
19,900 psi, and shear strength from 6,150 - 8,570 psi. The wide variation
was probably due to large variations in thicknesses of the taminates and to
uneven distribution of the glans fibers. It has been found posaJble to obtain
laminates by the process used with as high as 50 percent glass. It would
appa' that the ratio of the resin to glass must be changed to accomplish
tW.iis. V.r-Wipon of the foam core was from 1.4 to 28 percent. In three of
the panels, there was no difference at all. In a previous investigation, it
was shown that the dipeus!ng machine was at fault in that the componentu

weeimproperly mixed.

5, It is concluded that the laminate comprising the skin has a low
gla.s oontef aid, henoe, has low physical propertics u-ualy associated
weth low Slims content. The fuams In the panels varied in density from 1.4
to as high as 28 percont. I

6. It 1w rtoommonded that an attempt be made to upgrade the
-,c th by usirg a higher ratio of glass to resin than was used in making i

the panels. Modifioutions to the existing machine for dispensing the foam

u lold be made to obtain better uniformity, or else a better machine should
be procured.

Submitted by: S. GOLDFEIN
Chief, Plastics Soatlon

Forwarded by, A. W, VAN HEUCKEROTH

Chief, Materials Branch

J ,1i 'I
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*. I APPENDDCD

The Materials Branc ,
.. .. U. S. Army Engineer Resaroh and Development Laboratorlo1

Corps of Engineers
Fort Belvoir, Virginia

9( ~ERDBSM 22 A--4 tp. 19'

STEST PLASTIC PANEL ON HONEYC B

II .- I '

SReport No: 906-1

,. ,,Requested by! Special Equipment Branch

"' 'p ,Authority; Projeot No. 8F71-04-01-04

1. The purpose of this work wa to determinc 1C CC- i c ©
pressive trongth, flexual modulus of elasticity. and VesA oo sabt o: a
glas roinforod plastic aheet skin. The sheet was fWti MA trom JOn-e-ffis Roveoioth and a laminating rein. It was the skin of & nndwlo, -

- ,str"tion ocmposed of a cardboard honeycomb suppltd by ta. Opscw

vk "t., °"2. For the flesure, tensile, and glass content tests, three !4
".4 1.. mens each were cut from the top and bottom of the plastio pa nl. D.e to

, . the variation in thiokness of the panel, each specimen was sanded to approx

[. J i-a.).tely a uniform thiclmess. The properties were dote mined acoo-rding t
methods listed In Federal Specification L-P-406b, "Plastics, Organic:
General Speolflcatlons, Test Method.," dated 27 Septezbir 1961. Due 6.

r L.. the small thickness, It was Impossible to determine tt vCompreshive
-"strength by ordinary means. It was estimated by the caiulatlon of te

penetration index.

Property ).,.Iet,.xl

-; Tensile SWeng Mothod 1.011, "Ith specimen. cut frorn th,_v' l, "-aFcfl~in ff~re 1011A,
sp3cificatlon of figuelIA

-,: Flonral Modulus Method 1031, with specimens cat from the

CI'"I z pooifloation of figure 1031.

',,, ..

• " .'/- ' " : . ." 7 "" ." ..." '':':.''''. ", " " . ".": .". ""' "-'. . . . .- " " ' -- -. . . - '



GljAss Content Method 7061, with opecimens out from the
I pieces used for the fiexure testa.

Compressive Strength The specimen wa a piece of the original
laminate.

I Penetration Indiex Method aos desoribed in U&AICRDL Technical
Report 1638-T1El, "Development of Nondesiruc-

4 tiv Taout for Plautiaa,"

3. The results ofd1 thets are listed in Table W."

A4. The dttfovtunoes Mf vaues* from~ ths F.rbitz'&ry t7. MW b9Iolfl 0t
A.' honeycombr are., probabily due to the variation in UUvnvn ofti 6te.lzTh~

_,eratIonal procedursa, awA the actua phyfoalW a-traoture of trgi flovoitAla
. ~~*- 4 eutn. The origintl lairatoa was spprcminoatcly 1/16 inrM1 intst~us i

I.6 -,. .4 i ur Ading to a 'anioo m thicknoe, It wea about I/ A inch thk it
Wil-the pertia. o! the lawmte zandad was psura resin. To h01

-niUy of the oomprovesion rce,8ta m; estimated from thepnoxtc
b~i. te enslu sterthsre oaoat$ by use of tb. Ponetration index.

* tx... be asared thiat thv3 oorartdmn z'osultu are fairly acourate. 'The
a content roportod wab ftha of the toot uprwjlmen5 boaiac off the irrqu-

4 Ugori oonsuiting a f4ho*plkt. ranal, It wan found Ota tensRdle
.Tuigtb ul tblc typa of lamInate with the reported glius contormt were ap-

4 ytwuutaely 24, coo p3t tad ocnxprojealve utrongths were 22, 000, pai.j 6 It is concluded that:

'4it. "rhe lrnWte to of low qmatty and ongth and In h1itIW
<Avv~blein ph)nio1 proppertiem.

b. The asaidi;- operatlon mztogF- the panecl appear to b-n beWter1" st:-4vturSlly than it atwaly Is.,

pSubmittA by: FRtANK J. SAURO
Aj1

F o-nr;-dedY by: A. W. VAN IEtTCKEROTHI Chief, DMaterials Branah
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Table IV, Text Results for the Panel on Honeycomb

Panel
Tat wformed Locat tort of Average

Cowproisulon (.pal) Top 10, loci ± 2,530

iiComprion (s)BOtt'm 11,200 t 2, 700

FlM=1i~ Medulus OWi~) TOP . 291106 ± 0. 14x106

71eimL~al Modulus (pial) Bottom 0. 94116 . . 1x0

I ,STenile (psi) TV? 4,030 ±8620

T wi Wil (1: a) fl'*VoT 7.080 +3,360

L GW.3 Contmt cpe1aoat) TO,54.9 + 0.9
GIOASP COntO~t (perCent) Bottom 45.0 t. 1. 8

Pm "&tion Indca TOP 1.836x,06 to. 35KI06

PGivrt~on Index Bottom 1. 501106 +_ 0. 37x106

'A;~~~~~2- ZN$ ____________________________
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